Quality management practices have been identified by previous literature as a factor that could potentially reduce the level of safety incidents and hazards in agricultural work environments. The present study used multivariate analysis to examine the effect of independent variables such as quality and safety awareness, work experience, safety and quality management experience, and the perceived importance of safety and quality on the role of quality management practices as a mitigating factor for safety hazards and incidents in agriculture. Variables were measured on a five-point scale using a survey questionnaire. Data were collected from approximately 900 undergraduates enrolled in the College of Agriculture and Life Sciences at a large land grant university in the U.S. The level of student work experience and student perceptions of the importance of quality explained a significant amount of the variance in student views of quality management practices as a mitigating factor for safety hazards and incidents. The findings of this study provide further evidence for using quality management practices as a basis for safety interventions targeted at the agricultural workforce.
he relationship between safety and quality has always been of interest to both industry practitioners as well as academic scholars. Numerous past studies have suggested a strong theoretical and empirical link between safety and quality. Dumas (1987) , one of the earliest contributors, suggested that safety is a dimension of quality because elimination of defects would also include the elimination of unsafe work practices. Minter (1991) affirmed that "safety is covered as one of the various requirements of performing a quality job" because doing a job correctly would also mean doing it safely. After observing strong similarities between the management of safety and quality, Warrack and Sinha (1999) concluded that quality management systems such as ISO 9000 could also be used to ensure high workplace safety performance. Herrero et al. (2002) empirically demonstrated that actions designed to improve aspects of quality and production also improved occupational safety. Using Maslow's hierarchy of needs, Das et al. (2008a) suggested that safety is a basic need and that higher organizational goals, such as quality improvement, can only be achieved once the basic needs of safety have been met.
The agricultural industry is often ranked as one of the most hazardous industries in the U.S. due to the high rate of work-related injuries and deaths (BLS, 2014) . Myers (2006) suggested that when addressing the risks of agricultural work environments, safety pro-fessionals must focus on eliminating risks rather than simply controlling them. Accordingly, Hurburgh and Lawrence (2003) suggested that quality management is a potential tool for eliminating and managing some agricultural safety risks as well as some of the conditions that promote safety risks. Despite the strong evidence linking safety and quality in agriculture, the agribusiness industry has not widely adopted and applied quality management practices as a potential method of mitigating safety hazards and incidents (Mosher et al., 2012; Das et al., 2008) .
To date, limited studies have explored the interaction between agricultural safety and quality. Riedel and Field (2011) and Freeman et al. (1998) observed that poor-quality grain has a higher likelihood of resulting in increased grain engulfment hazards, thus implying a direct connection between safety and quality. Suutarinen (2004) found that injuries were more probable in agricultural workplaces with inferior management practices. Although the study did not find any conclusive evidence, Suutarinen (2004) suggested that improvements in quality of operations would not only increase efficiency and reduce delays but also reduce risk factors for injuries.
An important link between safety and quality that has not received much attention involves human factors such as employee perceptions, knowledge, skill, participation, and motivation. Mosher et al., (2012) measured the connections between employee safety and quality perceptions in an agribusiness work environment and found a strong, positive relationship. Ramaswamy and Mosher (2015) measured the safety and quality perceptions of agricultural college students. In their study, Ramaswamy and Mosher (2015) found a strong, positive link between student perceptions of safety and quality despite the students' limited formal training in either discipline. Ramaswamy and Mosher (2015) also investigated the link between demographic factors and student perceptions. Student perceptions of quality and safety in agricultural work environments varied by gender, but no significant differences in perceptions were observed based on the students' academic classification, age group, field of study, or childhood environment (Ramaswamy and Mosher, 2015) .
Although it is clear that both agricultural students and workers see associations between safety and quality (Mosher et al., 2012; Ramaswamy and Mosher, 2015) , the basis of these perceptions is unknown. One hypothesis is that previous knowledge, work experience, and awareness of the concepts of safety and quality could explain a portion of the association. Accordingly, this study examined how students' awareness of safety and quality management, work experience in safety and quality management, and perceived importance of safety and quality influenced their views on the potential influence of quality management practices in mitigating safety hazards and safety incidents.
Literature Review
Employees in agricultural industries face unique occupational hazards and risks not present in other industries (Hard and Myers, 2006) . These hazards are especially relevant to young workers. According to Wright et al. (2013) , one young worker dies in an agriculture-related incident every three days, and 45 young workers are injured each day in the U.S. Researchers believe that injuries and fatalities in agricultural settings can be prevented (Kingman and Field, 2013; Wright et al., 2013) , but previous methods of intervention have shown mixed results (DeRoo and Rautiainen, 2000; Hale et al., 2010) . A high proportion of employees working in agricultural industries are less than 25 years old 22(2): 149-160 151 (Hendricks et al., 2005) . A review of the research literature showed that young workers are highly vulnerable to workplace injuries and fatalities across all industries (Salminen, 2004) . Limited experience and lack of awareness have been stated as the primary reasons for the high injury risks among young workers (Thamrin et al., 2010) .
Role of Human Factors in Safety and Quality
Organizational factors such as quality climate, management support, and employee participation are critical for the implementation and success of quality management systems (Hietschold et al., 2014; Mantura, 2008; Mosher, 2011; Mosher et al., 2012) . Analogous to safety climate, quality climate is thought to be a primary factor influencing employee perceptions of quality (Luria, 2008; Mosher et al., 2013) . Furthermore, several researchers have found factors such as employee knowledge, education, and training to be critical components for the successful implementation of quality management practices (Das et al., 2008b; Hietschold et al., 2014; Nair, 2006; Rahman and Bullock, 2005) . Hietschold et al. (2014) reviewed the research literature in quality management and suggested that behavioral and human elements are more important for the success of quality management systems than technical aspects such as process control tools and techniques.
A limited number of studies in the agricultural industry have investigated the association of human elements with safety and quality management. Kingman and Field (2005) studied grain engulfments using fault tree analysis and concluded that quality of grain, improper handling and storage management, safety knowledge and safety compliance of employees were contributing factors in engulfment events. Mosher et al. (2012) investigated the relationship between safety climate and quality climate as perceived by grain elevators employees. Mosher et al. (2012) found a significant positive relationship between organizational safety climate and employee quality decisions and between organizational quality climate and employee safety decisions.
Link between Organizational and Individual Factors
While organizational factors are believed to have the strongest influence on the safety and quality perceptions of employees, recent research suggests the importance of individual elements as mediating factors in these relationships (Kongsvik et al., 2010; Vinodkumar and Bhasi, 2010) . Griffin and Neal (2000) proposed and tested a model in which they suggested that the impact of organizational factors on safety outcomes is mediated by individual factors such as employee awareness, knowledge, and motivation. Christian et al., (2009) examined the antecedents of safety outcomes and concluded that safety knowledge and safety motivation were strongly related to safety performance behavior, which in turn was associated with safety outcomes such as accidents and injury. Vinodkumar and Bhasi (2010) analyzed employee perceptions of safety management practices and employees' self-reported safety knowledge, motivation, compliance, and participation. The researchers concluded that safety knowledge and motivation were key mediating factors between safety management and safety outcomes such as accidents and near misses.
Researchers have also suggested the importance of individual factors such as employee knowledge, involvement, and motivation in the success of quality management systems. Mosher et al. (2013) suggested that fundamental organizational change efforts such as quality management will be successful only when employees' cognitive resistance to beneficial changes is resolved. To realize the benefits of organizational change, employees must fully participate in all quality improvement activities, acquire new knowledge, and feel a sense of accomplishment (Zhang et al., 2000; Chrusciel and Field, 2003) . Employee involvement will overcome some of the cognitive hurdles, positively impacting the successful implementation of quality management systems (Das et al., 2008b) . Ahire et al. (1996) proposed that knowledge of quality concepts, tools, and techniques is essential for employees to understand and resolve quality issues. Das et al. (2008b) suggested that employees are a valuable resource in implementing quality systems, and therefore their training and development should be viewed as a necessary investment. Training empowers employees and is thus a pre-condition for a higher degree of employee involvement, which is a key factor for the success of quality management systems within a firm (Hietschold et al., 2014) .
College students represent new employees in the agricultural industry. They are a population of interest because of their high vulnerability to injury and fatality in the agricultural industry (Hard and Myers, 2006) . Previous research suggests that effective quality management practices have the potential to mitigate and eliminate agricultural work hazards, lowering the risk of injury and fatality (Hurburgh and Lawrence, 2003; Kingman and Field, 2005) . However, no comprehensive study exists on the factors influencing the interaction of agricultural quality and safety perceptions of college students. Very little is known about the influence of factors such as student knowledge and perceived importance of safety and quality and amount of work experience on student perceptions. This research, along with Ramaswamy and Mosher (2015) , extends the study of employee-related factors in agricultural work places by Mosher et al. (2012) to future young workers in collegiate settings.
Methodology
This study evaluated how college students' self-reported scores on awareness, skill, and importance of safety and quality influenced their perceptions of the role quality management in mitigating safety hazards and incidents in the agricultural workplace. Data for the study were collected using a survey instrument designed based on Dillman's (2007) tailored design method. The survey was administered electronically to 4,035 students enrolled in the College of Agriculture and Life Sciences (CALS) at a large Midwestern land grant university in the fall of 2013.
The survey instrument was adapted by Ramaswamy and Mosher (2015) based on two previous studies. The instrument used by Schwab and Freeman (2002) in examining safety perceptions of students in the Agricultural Systems Technology (AST) major at Iowa State University from 1993 through 2001 was modified for the study. Second, the survey instrument used by Mosher et al. (2012) in examining the interaction between safety and quality climate in the agricultural industry was also used in the survey design. Further discussion of survey development and validation is provided by Ramaswamy and Mosher (2015) .
Student awareness of safety and quality in agricultural workplaces was assessed using student responses to two items on the survey. Students responded on a five-point scale ranging from "unaware" (1) to "fully aware" (5). Similarly, student work experience and student experience managing safety and quality in agricultural workplaces were assessed using three items on the survey. Students reported their safety, quality, and overall work experience on a five-point scale ranging from "low experience" (1) to "high experience" (5). Students were asked to report their perceived importance of safety and quality in ag-22(2): 149-160 153 riculture with two items on the survey on a five-point scale that ranged from "not at all important" (1) to "very important" (5).
Twelve items on the survey assessed student perceptions of the mitigation potential of quality management practices on safety hazards and incidents. An example of a survey question is as follows: "Please rate the potential impact of quality management systems on the reduction of safety hazards in tractor rollovers." Students were asked to rate the impact of quality management practices on safety hazards using a five-point scale ranging from "low or no impact" (1) to "high impact" (5). Likewise, students reported the perceived mitigation potential of quality management practices on safety incidents using a five-point scale ranging from "little or no reduction" (1) to "significant reduction" (5). An example of a survey question from this section is "How might quality management systems reduce the risk of tractor rollovers?" Because the resulting values were highly inter-correlated, the mean ratings for the 12 items were used as the students' perceptions of the mitigation potential of quality management practices on safety hazards and incidents.
The project was guided by research questions that evaluated the relationships between each explanatory variable and student perceptions of the potential of quality management practices to reduce agricultural workplace safety hazards and incidents. The relationships investigated included:
1. Student work experience in agriculture and in agricultural safety and quality. 2. Level of student awareness of agricultural safety and quality. 3. Student perceptions of the importance of safety and quality in agricultural workplaces. Data analysis was conducted using SAS version 9.3. Descriptive and inferential statistics were used to test the research questions in this study. Statistical operations performed included multivariate correlation, univariate regression, and multiple regression.
Results and Discussion
The survey was sent to 4035 undergraduate students enrolled in the College of Agriculture and Life Sciences at a large Midwestern land grant institution in the U.S. Responses were received from 1017 students, with 886 usable for data analysis, reflecting a 22% response rate. Typically, the average response rate for internet-based surveys is 25%, much lower than that of mail surveys (Dillman, 2007; Manfreda et al., 2008; Millar and Dillman, 2011) . The distribution of participants by gender was 60% female and 40% male. The distribution of students based on grade classification was 28% freshman, 20.1% sophomore, 25.3% juniors, and 25.3% seniors. The distribution of participants was comparable to the population distribution based on age, major, and grade classification. A greater proportion of female students participated in the study than male students. Although there were more female respondents, the distribution still aligned well enough with the proportion of females in the larger population to facilitate valid data analysis. For this reason, it was determined that the distribution of participants who responded to the survey was representative of the undergraduate student population in the College of Agriculture and Life Sciences.
Fifty-four percent of participants stated that they had high or somewhat high overall work experience in an agricultural environment, as shown in table 1. However, only 40% stated they had somewhat high or high experience specifically managing safety and quali-ty in an agricultural work environment, as shown in table 2. More than half of the participants stated they were fairly aware or very aware of safety and quality practices in agricultural work environments (table 2) . However, 96% of participants perceived safety as important or very important in the agricultural industry, while an equal number of participants perceived quality as important or very important in agricultural workplaces (table 3) .
Student perceptions of the role of quality management practices in mitigating agricultural safety hazards and safety incidents were measured using the students' responses to a set of 12 items on the survey. Questions were based on the role of quality management practices for specific hazards (i.e., tractors) and on the resulting safety incidents. Because the responses were closely inter-correlated, the mean scores from the twelve "hazard" questions were combined into one variable, and the mean scores from the "incident" questions were combined into a second variable. These items served as the dependent variables in the regression model. Factor analysis confirmed the validity of this decision. Means, standard deviations, and correlations of all the variables are reported in table 4.
To fully understand the factors influencing student perceptions of the influence of quality management practices on safety hazards and safety incidents in agricultural workplaces, multivariate analysis was conducted. The students' safety, quality, and agricultural work experience was measured along with their ratings of their awareness and the importance of safety and quality. These items were independent variables in the regression model. Stepwise regression was used first to identify independent variables that explained a significant portion of the variance in the model. Next, the variables identified in the stepwise process were held constant, and hierarchical linear regression was used by adding one independent variable in each iterative step. The amount of variance explained by each additional variable in the model was determined. To determine if the variance explained was significant to the model, an F-test was used. The model with all independent variables (the full model) was compared with the model that included only the significant independent variables (the reduced model). In addition, the coefficient of determination (R 2 ), coefficient of variation, and Akaike's information criterion (AIC) were used to evaluate the regression models.
Because multicollinearity due to highly correlated variables was a potential issue, the variable inflation factor (VIF) was calculated for each independent variable. The VIF values for the independent variables in the reduced model ranged from 1.7 to 3.4, while the range of VIF values for the full model ranged from 1.7 to 5.2. Because the values of VIF were well below the critical value of 10, it was determined that multicollinearity was not an issue for these data (O'Brien, 2007) .
Results for the reduced model and full model that best predicted student perceptions of the influence of quality management practices on agricultural safety hazards are shown in table 5. Table 6 shows results for the reduced and full models that best predicted student perceptions of the influence of quality management practices on agricultural incidents.
The first research question investigated if agricultural work experience influenced students' perceptions regarding the mitigating potential of quality management practices on agricultural safety hazards and safety incidents. Descriptive analysis showed the correlation between student work experience and perceptions of safety and quality to be weak Table 4 . Mean, standard deviation, and correlation matrix.
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Mean and non-significant. However, the regression coefficient for student work experience was found to be significant in predicting student perceptions of the mitigating potential of quality management practices on safety hazards and safety incidents. The negative value for the correlation and regression coefficient indicates that students with higher amounts of work experience perceived lesser impact of quality management systems on safety hazards and incidents than students with lower or no work experience. In addition, student safety and quality management experience in an agricultural work environment were not significant in predicting student perceptions of the mitigating potential of quality management practices on safety hazards and incidents.
The negative relationship between agricultural work experience and student perceptions was unexpected. Khanzode et al. (2012) , in their comprehensive review of the research literature, suggested that injury risks are high in initial periods of employment and decrease as workers gain more work experience. Furthermore, Vinodkumar and Bhasi (2009) and Zhou et al. (2008) stated that work experience is positively correlated to safety knowledge and thus influences employee perceptions. The negative relationship between student work experience and perceptions in this study implies that safety intervention programs must also include experienced employees and not focus only on new employees.
The second research question investigated if student safety and quality awareness influenced student perceptions of the mitigation potential of quality management practices on safety hazards and quality management practices on safety incidents. Results from the regression and correlation analysis showed that students' awareness of safety and quality management practices was not significant in influencing their perceptions. This finding does not align with the findings of Griffin and Neal (2000) and Neal et al. (2000) , who stated that personal factors such as employee knowledge and awareness influenced employee safety perceptions.
An important finding of this study was that students' safety and quality awareness were significantly correlated with their work experience, but students' perceived importance of safety and quality had a very weak correlation with their work experience. This suggests that students' general understanding of the importance of safety and quality is not a result of their prior work experience.
The third research question investigated if students' opinions of the importance of agricultural safety and quality influenced their perceptions of the mitigation potential of quality management practices to reduce agricultural safety hazards and safety incidents. The results showed that students' perceptions of the importance of quality was a significant predictor of their perceptions of the mitigation potential of quality management practices. Students' perceptions of the importance of safety were found to be significantly correlated to their perceptions of the influence of quality on mitigating safety hazards and incidents but were not significant in the regression analysis. This finding suggests that students who perceive quality as important may be more likely to use quality to mitigate safety hazards and incidents. A higher motivation toward quality and ensuring that tasks are performed the right way ensures higher productivity as well as higher safety performance (Manzella, 1997) , and it seems that the students perceived this relationship in a similar way. Table 7 shows the results of the hypothesis testing for the research questions.
Conclusion
Human factors have been identified as the critical elements for the success of both safety and quality programs, but the interaction of human perceptions across many areas related to safety and quality is not well understood. An important finding of this study is that perceptions about the importance of quality significantly impacted student perceptions of the mitigation potential of quality management practices on safety hazards and safety incidents. A challenge for educators is to find a way to emphasize and increase student perceptions of the importance of quality management in safety-sensitive environments.
Conventional wisdom suggests that greater awareness of safety and quality practices and a greater amount of work experience leads to a higher perceived importance of safety and quality. However, in this study, students' awareness and work experience were not significantly correlated with their perceptions of the importance of safety and quality in agriculture. Further research can investigate predictive factors for each of the explanatory variables used in this study. Generally, most students in the College of Agriculture and Life Sciences are not required to take any formal coursework in safety or quality. Moreover, with on-the-job learning also having a limited impact on student perceptions of the importance of safety and quality, these findings support the case for reviewing how safety and quality are currently taught in the agricultural curriculum.
The findings of this study must be viewed within the context of the study's limitations. First, data were collected from one group of students at one university in one region of the U.S. Another limitation of this research was that subjects volunteered for the study. This introduced potential for selection bias by which participants who felt strongly about safety and quality could have responded to the survey at a higher rate than those who were indifferent to the topic. Extending this study to students at other colleges and universities would substantially strengthen the conclusions of this study.
